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1 EXECUTIVE SUMMARY 
There are growing concerns in Germany that the current energy-only market will not be able to deliver 

security of supply.  Concerns revolve around two key questions: 

1. Will the market be able to deliver sufficient capacity to meet demand in the future, given the 

closure of nuclear plants and some thermal plants, and the increasing penetration of variable 

renewable generation? 

2. Will the market be able to deliver the flexible types of capacity that will be required to meet 

the changing dynamics of generation on the system, particularly for managing the variable 

output of renewable generation? 

While market designers are pursuing forms of a capacity mechanism to address the first question, 

there does not appear to be such a clear cut answer to the second question.  We know that some 

commentators have called for improvements to the energy-only market1, and for focus on the 

flexibility requirements of the system now and in the future.  We also know that in Brussels, the 

Transmission System Operators (TSOs) are about to publish their finished draft of the Network Code 

on Electricity Balancing – a European Target Model blueprint to harmonise all Member States’ energy 

only markets’ trading arrangements.  This code focuses on the balancing arrangements, which are 

broadly the arrangements for procuring and paying for the flexible forms of energy used to maintain 

energy balance on transmission systems.  However, there are few commentators in the German 

market who have pulled all of these requirements together to understand what changes may be 

required to market arrangements to deliver flexibility in the future. 

Therefore, the focus of this paper is on assessing whether the German electricity markets are fit for 

purpose for delivering flexibility.   

In previous viewpoints that we have provided on security of supply arrangements in the German 

electricity market2, we have concluded that the German intraday market is not incentivising flexibility. 

We noted that there appears to be a relatively small difference in price shape between the spot 

markets (the day ahead and intraday market), even though that when intraday transactions take 

                                                        

1 For example, BDEW has called for “smart improvements of the energy-only market” which it says are “necessary 
independent of any capacity markets”.   
2 See: “The electricity market and security of supply: identifying challenges and delivering reforms”, and “The electricity market 
and security of supply: capabilities of the existing energy-only market”. 
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place, one would expect improved information on the availability of different supply resources to have 

some impact on prices paid for the flexible forms of energy available in that market.  Therefore, a key 

focus of this paper is the incentives and information that market participants have for trading in the 

intraday timeframes – namely the balancing arrangements for procuring balancing resources, setting 

imbalance charges (reBAP prices) and informing market participants on the state of the system. 

We have critically assessed the current German balancing arrangements, which are key for providing 

efficient economic signals to the market for bringing forward and trading with flexibility resources.  We 

have also analysed a year’s worth of price data throughout 2012 to understand how the 

arrangements are working, and to identify how they might be improved. 

Our findings suggest that the German market arrangements are not fit for purpose for delivering 

flexibility.  Most notably: 

 The feedback mechanism between reBAP prices (German imbalance charges on market 

participants) and spot market prices is broken – reBAP prices provide a poor signal of the 

state of supply and demand in real time, and the delay in their publication means that it is 

near impossible for market participants to manage their imbalance exposure in the spot 

markets on an informed basis.  We believe that this undermines the role of spot markets in 

self-balancing, and as a result, market participants trading flexible energy within short 

timescales are faced with illiquid markets that potentially inefficiently value flexible energy. 

 reBAP prices themselves are calculated using an averaging formula, instead of a market 

based, clearing-price methodology. The formula itself causes unnecessary volatility, and 

means that at least during some periods, the price that the TSO pays to some balancing 

resources does not match the charges it makes to market participants. 

 The procurement of all balancing resources is not conducted any closer to real-time than 

the day-ahead stage, so inevitably the price paid to balance in any one period is not 

reflective of the actual supply/demand balance at point at which that energy is used.  

Further, the cost of the capacity payments for reserves is socialised across the market, 

rather than targeted onto the market participants with an imbalance. 

 In addition to these findings, we also consider that the current design of the German 

balancing arrangements will not be compliant with the requirements of the soon to be 

legally binding Network Code on Electricity Balancing.  Therefore, the German authorities 

will need to consider the legal case for change as these requirements come into force. 
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Additionally, in an Annex C to this paper, we illustrate for example purposes that reBAP prices could 

be changed to be calculated on a “marginal pay-as-cleared” basis, which would lift average reBAP 

prices by around 27 €/MWh on average. This would not raise the average balancing cost for the 

system overall, but it would provide stronger incentives to manage balancing on the Bilanzkreise 

(balancing group) level and thus contribute to system security.   We also show for illustration that the 

cost of reserve capacity payments could be integrated into the reBAP prices to recover all balancing 

costs from parties with an imbalance, instead of socialised across all consumers.  This would involve 

an incremental increase in reBAP of around 11%.  We believe such changes would create better 

incentives to deliver flexibility, and for market participants to seek sources of flexibility to reduce their 

exposure to imbalance, however they should not be made without making corresponding changes to 

the other balancing arrangements that make up the German market framework so that market 

participants are in a better position to respond to these signals (for example, improved information 

flows would be critical for these changes to be efficient drivers on market participants’ behaviour). 

Therefore we conclude that structural change to the German market arrangements is required.  We 

suggest implementing new balancing market frameworks, which would include: 

 An auction for balancing energy ahead of each settlement period, to be used alongside 

energy procured from reserves for balancing the system, 

 Full transparency of information on reBAP prices, volumes and forecasts, as close to real-

time as possible, 

 No fixed deadlines by which reserves need to be procured, allowing reserves to be 

procured on an intraday timescale if required, 

 And within this framework, market based reBAP prices and full targeting of reserve costs 

onto imbalance parties, to create efficient economic incentives. 

We believe that the relevant market designers should seriously consider such changes ahead of 

finalising the Energiewende to ensure that both efficient and legally required balancing arrangements 

are implemented, and to encourage the delivery of more flexibility in the future German system. 

The rest of this paper is structured as follows: 

 Section 2 describes the principles that we believe should underpin the design of electricity 

markets to incentivise flexibility, 

 Section 3 describes the current German market arrangements, 
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 Section 4 considers the issues that we have identified with the German market 

arrangements and introduces our analysis of imbalance charges over the year 2012, 

 Section 5 summarises our findings and recommends changes to the German market 

arrangements for the relevant authorities to consider to strengthen the signals for flexibility 

and ensure compliance with future European legislation, 

 Annex 1 provides more background on why flexibility is important in electricity markets, 

 Annex 2 provides more background on price formation in energy-only markets, and the 

regulatory constraints that sometime affect design, and 

 Annex 3 provides some results from explorative work to understand how some of the 

principles that we discuss in the paper would have affected reBAP prices (German 

imbalance charges) across the year 2012, should they have been implemented instead of 

the current arrangements. 
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2 “FIT FOR PURPOSE” MARKET ARRANGEMENTS: PRINCIPLES 
FOR INCENTIVISING FLEXIBILITY  

Wärtsilä considers that there are a number of principles that make energy markets “fit for purpose” for 

delivering flexibility, so that they send efficient price signals to participants to provide and procure 

flexibility to balance their positions.  These are: 

1. Creating market-based balancing arrangements at the centre of the market to set efficient 

incentives for trading and investment, 

2. Short-term reserve procurement complemented by targeting of reserve 
availability/capacity payments to increase efficiency and reinforce the market-based pricing 

mechanism in balancing arrangements, 

3. Complete, and real-time transparency of information in the balancing arrangements to 

assist trading activity in spot markets, and 

4. TSO incentives to reflect the importance of creating market based balancing signals from its 

activities procuring reserve and designing methodologies for calculating imbalance charges. 

Further, all Member States’ market arrangements will need to comply with the European Target 

Model to deliver the Single Energy Market.  The key part of the Target Model with regards to 

delivering flexibility will be European Network Code on Electricity Balancing (NCEB), which sets 

out the detailed rules that all markets will need to implement for the harmonisation of balancing 

arrangements, including the procurement of balancing resources and the settlement of imbalances 

with market participants.   

We describe our principles and some of the high level requirements of the NCEB in more detail 

below, which can be read in conjunction with the additional background that we provide on the need 

for flexibility, and on the design of energy only markets in Annex A and Annex B of this document. 

2.1 Market-based balancing arrangements 

“Missing money” is a term used to describe a market failure in electricity markets, whereby design 

issues or policy interventions will constrain the revenues that market participants should otherwise be 

able to achieve in the market, thus leading to market exit in the long term, and associated security of 

supply concerns.  Missing money is replenished by allowing the market to reach its natural 
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equilibrium between buyers and sellers as far as is possible.  Therefore, balancing arrangements3 

should reflect an efficient market outcome by using “market based” pricing, as depicted in Figure 1 

below.  In this illustration, all electricity producers in both diagrams are paid the same price (labelled 

“market price”) - the price required to cover the short run marginal cost (SRMC) of the marginal unit 

required to supply demand. This reflects an efficient market outcome.  In pay-as-cleared, or clearing 

systems4, this is achieved automatically by the market clearing mechanism, while in pay-as-bid 

systems, market participants need more sophisticated resources to forecast the price that they can 

feasibly ask5.  We support a clearing price as a more efficient and transparent method of reaching 

market equilibrium for the procurement of balancing services. 

 
Figure 1: Market based pricing 

Barriers to market-based pricing such as arbitrary price caps and floors can risk disrupting the action 

of the market pricing mechanism unless there is sound economic reasoning for them being in place 

(ie having a cap at consumers’ maximum willingness to pay for electricity, or “value of lost load” 

(VoLL) in the absence of an active demand side).  Similarly, imbalance charges that are not reflective 

of the market equilibrium price risk sending inefficient price signals to market participants (eg, 

                                                        

3 The market arrangements that are used to procure balancing resources and to set charges on market participants who have 
an imbalance 

4 Markets where providers are dispatched on a least cost basis for any given level of demand, and paid the price of the 
marginal unit required to supply demand. 
5 Basically forecasting the SRMC of the marginal resource required to balance during any settlement period. 
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charges that are calculated from the “average” cost of balancing supply and demand, instead of 

basing charges on the cost of the marginal producer required to reach equilibrium). 

It follows that the price charged to all market participants that cause the imbalance should be the 

same (ie in €/MWh) and should be equal to the price paid to electricity producers, while market 

participants who avoid imbalance should not incur any costs of balancing.  Note that if these 

principles are followed for procuring and paying for balancing energy (energy bought from the market 

through simple bids and offers) then the Transmission System Operator (TSO – the party(ies) 

responsible for procuring and dispatching resources for real-time balancing), should in theory be left 

in a revenue neutral position, as he has effectively performed the role of a settlement agent in an 

auction. 

2.2 Short-term TSO reserve procurement with targeting of costs 

We consider that TSOs should procure more reserves (flexible energy that the TSO contracts and 

holds in stand-by) in the short-term to create a liquid market for flexible resources to compete on a 

level playing field, which could attract new entrants, making reserve provision more competitive to 

drive down costs. 

Further, such arrangements should also drive efficiency in TSOs’ own balancing behaviour, as more 

up to date information on wind and solar output in the short-term allows more efficient “matching” of 

the reserve to manage intermittency against the TSOs’ outturn requirement.  For example, forecast 

wind output will be more accurate at the day, or even week-ahead stage than a forecast made 

months ahead.  Therefore, if market arrangements allow or require TSOs to procure reserve forward, 

it is likely that they will over-procure reserves compared a more short-term procurement strategy. 

We also consider that short-term contracts allow flexibility providers to offer their contracts at prices 

that better reflect the fundamental supply and demand balance on the system at the point that they 

need to be available.  Higher value contracts (eg at times where there is a scarcity of flexibility on the 

system) should attract more providers of flexibility to offer their services when they are needed the 

most, and allows the changing cost of holding reserve to be more accurately reflected in imbalance 

prices to contribute to efficient signalling on market participants.   

The cost to the TSO of procuring reserves should be incorporated into the calculation of imbalance 

charges in as cost-reflective manner as possible, so that the costs of holding reserve are not targeted 

onto market participants who are effective at self-balancing.  While it is relatively simple to price in the 

cost of utilisation payment from reserve into the imbalance charge (as the cost is incurred only when 
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reserve resources are used) it is more difficult to price in the costs of paying availability/capacity 

payments to the imbalance charge, as these costs may be incurred for a number of hours, while the 

reserve may have only been utilised during a single period.  For example, the GB system currently 

uses a methodology where these costs are recovered during periods where reserve was actually 

used in the preceding year.  The GB regulator, Ofgem, is currently consulting on whether a more 

sophisticated mechanism can be used to target these costs according to the availability (or scarcity) 

of generating capacity on the system to reinforce the signal to balance. 

2.3 Transparency of information 

For the spot markets to work as effective balancing tools, they need to be liquid and their participants 

need to be well-informed.  This means that there needs to be sufficient buyers and sellers of flexible 

energy to meet the needs of market participants, and that participants need to have accurate and up-

to-date information upon which they can make trading decisions.  This information includes the basic 

market information currently required under European legislation6, such as information of plant 

outages, but should also include information on the recent balancing information (imbalance charges 

and forecast imbalance volumes) so that market participants can make rational balancing decisions in 

the spot markets for approaching settlement periods.  This “feed-through” of information from 

balancing prices to spot markets is illustrated in Figure 2 below. 

                                                        

6 Such as the information stipulated by the recent Regulation on Energy Market Integrity and Transparency (REMIT).  
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Figure 2:  Assimilation of imbalance price signals into spot market trading decisions   

2.4 TSO incentives to promote economic efficiency 

Careful design of TSO incentives is required to ensure that its actions to procure flexible reserves are 

efficient, both in the overall cost of procurement, but also in sending the correct market-based signals 

to market participants.   

This means that the TSO should be incentivised to facilitate the mechanisms described above, (ie 

market-based balancing arrangements, liquid reserve markets with low barriers to entry and accurate 

targeting of costs back on to market participants, and transparency of balancing information) while 

also meeting their basic objectives as TSOs, which tend to revolve around managing flows to ensure 

security of the electricity supply on their system. 

2.5 European requirements for harmonisation of balancing arrangements 

Member states are in the process of setting out the arrangements by which they will harmonise their 

balancing arrangements to complete the Single Energy Market across the EU.  The primary means of 

achieving this in the electricity market is the “European Target Model” which will result in a series of 

European Regulations that make binding obligations on Member States to change their national 

market rules. 

The Agency for the Cooperation of Energy Regulators (ACER) set out its guidelines for developing 

the rules on balancing arrangements in its “Framework Guideline on Electricity Balancing” in 
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September 2012.  Since then, the European Network of Transmission System Operators for 

Electricity (ENTSO-E) have been drafting the detailed NCEB that will provide the contents of the final 

Regulation. 

Key aspects of the balancing arrangements evident in the emerging Network Code are: 

 Coordinated balancing areas where TSOs cooperate with at least one other TSO on the 

sharing of balancing resources (to be integrated into a single market in the medium term), 

 Common merit orders (lists of balancing energy sorted on a rising cost basis) shared 

between TSOs, 

 A standard list of products for balancing energy (energy procured in balancing markets, 

which are markets held by TSOs after bilateral trading has ceased) and for reserve 

products, that are to be shared within a coordinated balancing area, 

 Procurement of balancing energy on a “pay-as-cleared” basis unless another method is 

demonstrated to be more efficient for European-wide implementation, 

 Procurement of shared reserve products for a maximum of a one month contract, for a 

maximum of one month in advance, 

 Settlement of imbalance charges which are no less/more than the weighted average price 

of balancing resources used to balance the system in that period (note that in a pay-as-

cleared system, this is the system clearing price), 

 Full harmonisation of balancing arrangements six years from the implementation of the 

Network Code. 

The draft network code was submitted to ACER in December 2013.  ACER published its opinion on 

the draft network code on 25 March, and we now expect that ENTSO-E will make final changes 

before the code goes through comitology at the European Council. 

It is obviously essential that the German electricity balancing arrangements reflect the requirements 

of the NCEB.  We consider that the principles set out above align with the requirements of the NCEB, 

and in some cases go further than these requirements to encourage the deployment of flexibility and 

deliver efficiency in balancing. 

2.6 Summary 

We have described the principles that can be pursued to deliver efficient balancing arrangements, 

which are at the heart of setting the incentives to trade and invest in an energy-only market. 
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We will now turn our attention to the German electricity market arrangements, (which is currently an 

energy-only market, ie without a capacity mechanism) to assess whether it is fit for purpose to meet 

the challenge ahead. 
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3 DESCRIPTION OF GERMAN MARKET ARRANGEMENTS 
In this section we provide a summary of the German market arrangements, focusing on the balancing 

arrangements and short-term spot markets owing to their importance for setting and responding to 

incentives for providing flexibility respectively.    

3.1 Market timeline 

At a high level, the German electricity market is arranged like other energy-only market, in that market 

participants are free to trade electricity on forward and spot markets, while the TSO has the main 

responsibility for balancing after gate closure.   

The short-term trading and balancing activities are summarised as a timeline in Figure 3.  Both the 

TSO and market participants are active in the short-term markets, though while market participants 

trade energy, the TSO procures reserve in a form of option contracts.  Market participants can trade 

in the intraday market to adjust their position until 45 minutes before delivery. After market gate 

closure, the TSO activates its reserves as required.  

 
 

Figure 3  Market timeline showing summary trading and balancing activities 

3.2 Market participants’ balancing activities in the spot markets  

3.2.1 Day-ahead market  

In the day-ahead market, market participants procure any outstanding energy that they have not yet 

contracted forward through an auction mechanism, by submitting bids and offers to be cleared.  Bids 

and offers for energy are in 1-hour blocks.  Successful market participants receive confirmation of 

cleared volumes following the day-ahead auction.  Since 2010, this day-ahead auction mechanism 

has also been used to achieve “market coupling” across Central West Europe (Benelux, France and 
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Germany) whereby generation across the region is dispatched through the market mechanism 

according to price and available interconnector capacity to maximise social welfare (also known as 

implicit auctioning of interconnector capacity – a key requirement of the European Network Code on 

Capacity Allocation and Congestion Management (CACM)). 

3.2.2 Intraday market 

In the intraday market, participants can make adjustments to balance their position by buying and 

selling energy for 1-hour or 15-minute blocks and until up to 45 minutes before it is needed.7  

At present, we understand that most of the 15-minute block buying and selling in the intraday markets 

is conducted by TSOs, between TSOs, who have traditionally been responsible for selling the output 

of renewable generators who have opted to either receive a Feed-in Tariff or sliding Market Premium 

as a form of renewable support over directly marketing their output.8 As responsibility for trading and 

balancing is passed to RES generators under more direct marketing of renewables, the intraday 

market may gain more participants. 

3.3 TSO balancing activities 

3.3.1 Procurement of balancing resources 

The only resources that TSOs use for balancing is procured ahead of real time (ie there is no real 

time platform for procuring balancing energy).  TSOs contract generating (and other) capacity to be 

available for balancing in both positive and negative directions (ie increases in generator output and 

decreases in output).  They do this through procuring reserve contracts, which comprise a capacity 

payment for being available to provide flexibility for a certain amount of time, and an energy payment 

if the balancing resource is “called”, or utilised within that timeframe. Since 2006 there has been a 

common platform for German TSOs to procure reserves on Regelleistung.net. 

There are three types of reserve contract that TSOs procure for balancing.  These are: 

 Primary control reserve (PRL) (to activate within 30 seconds of being called, for up to 15 

minutes), procured on a weekly basis, 

                                                        

7 On the EPEX intraday exchange. 
8 50 Hertz, “Flexibility as a system service”, May 2013.  



 

17 

DELIVERING FLEXIBILITY IN THE GERMAN ELECTRICITY MARKETS: ARE CURRENT ARRANGEMENTS FIT FOR PURPOSE? 

 

 Secondary control reserve (SRL) (to activate within 5 minutes of being called, for 15 

minutes to 1 hour duration), also procured on a weekly basis, and 

 Tertiary control reserve (also called Minutes Reserve or MRL) (to activate within 15 

minutes of being called, for at least 15 minutes duration), procured on a daily basis. 

Secondary reserve is procured at the week-ahead stage and for peak and off-peak hours with 

minimum availability window of 8 hours. Minute reserve is procured at the day-ahead stage and for a 

minimum availability window of 4-hour blocks. 

The mechanism for procuring reserves for either PRL, SRL and MRL is by open joint tender run by 

the TSOs on their shared platform.  Successful reserve providers are paid for capacity at the price 

that they bid into the tender (known as a “pay as bid” pricing mechanism). 

3.3.2 Setting imbalance charges  

Market participants in Germany are organised into balancing groups, known as Bilanzkreise (BK). BK 

can range from individual large generators to aggregations of smaller renewable generations, to a 

Stadwerke representing large portions of aggregated demand. 

Every balancing group operator is responsible for following a planned schedule with a 15-minute 

resolution. Deviations from the planned schedule are balanced physically by the TSOs and settled 

financially with the BK. There is a legal obligation on Bilanzkreise to balance their positions to the 

best of their ability. 

The financial settlement for BK that are out of balance at gate closure involves the payment (or 

alternatively, being paid) the single imbalance charge to the TSOs known as the “reBAP” price, while 

other BK whose imbalance helps to address system imbalance receive the reBAP.   

Balancing groups with asymmetric imbalances can conduct post-settlement period trading by netting 

their imbalances to minimise exposure to reBAP.9 

                                                        

9 Such actions require TSO notification, and the task of finding a counterparty with a matching imbalance can be challenging in 
practice and therefore it is often done through a broker. Although prices for exchanging positions can be set bilaterally, it is 
customary to trade energy at EEX day-ahead settlement prices. 
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3.3.3 reBAP price formula 

The reBAP price is calculated for each 15-minute block and is reflective of the utilisation costs of 

reserve in that period (the energy component). The reBAP calculation is: 

=
(balancing energy costs balancing energy revenues) (€)

net imbalance volume (MW)  

The “net balance” is the sum of volumes for positive and negative balancing energy activated in the 

15 minute period from SRL and MRL only – the costs of PRL are recovered separately outside of the 

reBAP arrangements.  The structure of the calculation has received criticism in the past, as when 

similar volumes of positive and negative reserves are activated in a 15-minute period to effectively net 

each other off close to zero, the denominator (the net imbalance volume) can be very small.  This can 

produce reBAP prices that are one or even two orders of magnitude higher than the actual costs of 

the reserves used.  To limit reBAP spikes in these situations, reBAP is capped at the marginal price 

of balancing energy used in that period.    

The graph below illustrates the relationship between overall system imbalance and reBAP during 

2012. 

 

Figure 4: Relationship between imbalance prices and volumes (2012) 
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Imbalance prices are calculated after the event, and are only revealed to market participants 20 

working days after the end of the month of delivery.  

Generally, reBAP takes positive values when positive balancing energy is used to address a shortage 

of energy, and takes low or negative values when negative balancing energy is used to address a 

system that is oversupplied with energy.  

The conventional view put forward by market participants and experts is that there is limited visibility 

on the direction or magnitude of balancing costs and hence the surest way to controlling costs is to 

minimise the imbalance.10  

3.3.4 Targeting of reserve capacity payments 

The capacity payment element of reserve costs is not targeted onto imbalance parties through reBAP 

prices.  Instead it is socialised across all consumers, being collected in network charges.   

3.3.5 Recent debates on reBAP 

In principle, there should be an economic trade-off for market participants to make between balancing 

in the intraday market or facing the imbalance charge.  However, for market participants to rely on the 

TSOs to complete their balancing for them would go against the legal obligation that they have to 

balance to their best of their ability. 

Bundesnetzagentur publicly expressed its concerns on this issue in 2012, when it insisted that some 

market participants optimise against imbalance price.  However market participants responded that 

this is not feasible or profitable.  

Bundesnetzagentur has recently implemented a series of measures to combat adverse incentives for 

market participants to rely on balancing markets rather than self-balance in the intraday markets.  

This includes: 

 Setting the hourly intraday price as a cap to reBAP when this is negative and as floor when 

this is positive. This measure is designed to remove potential economic incentives for market 

participants to optimise against reBAP. However, the intraday index price is based on the 

                                                        

10 Consentec, industry responses to BNetzA 
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hourly products and thus does not fully align with reBAP which can vary considerably even 

within the hour.  

 Adding a penalty of at least €100/MWh to reBAP if a high share of contracted reserves (80%) 

has to be utilised.11   

Bundesnetzagentur is also currently considering if incentives to self-balance are sufficient.  

  

                                                        

11 Bundesnetzagentur, Beschluss Weiterentwicklung des Ausgleichenergiepreis-Abrechnungssytsems, Oktober 2012. 
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4 CONSIDERING THE ISSUES IN TODAY’S MARKET DESIGN  

4.1 Introduction 

We have conducted a critical evaluation of the current German market design to identify areas where 

the arrangements may be failing to create efficient signals on market participants to trade or provide 

the flexible energy that the market will increasingly need to rely upon to integrate variable renewables 

in the future. It is based on a qualitative appraisal of the German market arrangements with 

supporting analysis of balancing data available from each settlement period in 2012. 

In doing so, we have come to the conclusion that the German market arrangements are currently 
not fit for purpose for delivering flexibility. 

The table below summarises the issues that we have identified with the German market 

arrangements, which are described in detail further into this section. 

# Area/principle Issue 

1 
Transparency of 
information 

Market participants have low visibility of reBAP prices and 

therefore cannot respond to short-term price signals, eg by 

adjusting their position in the intraday timeframe by trading 

flexible energy resources. 

2 
Market-based balancing 
arrangements 

The reBAP price calculation is not market-based and risks 

sending signals to market participants that are not cost-reflective. 

 

3 
Reserve procurement and 
cost targeting 

While the system of short-term reserve procurement is relatively 

efficient compared to other systems, the misallocation of reserve 

availability payments means that reBAP prices cannot reflect the 

full cost of balancing the system. 

Table 1: Issues identified with German market arrangements 

Importantly, we also observe across a number of areas that the German market arrangements do 

not seem to comply with requirements of the draft NCEB (such as the requirement to have a 

balancing energy market, marginal pay-as-cleared balancing prices and short-term procurement of 
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reserves) which will be illegal if left unchanged once the NCEB comes into force (which ACER 

suggests may be as early as September 201512). 

4.2 Methodology 

To support our qualitative review of German market arrangements, we have extracted historic 

balancing data from 2012 to explore whether the issues that we identified in Table 1 are observable in 

the data.  This data included historic imbalance charges (reBAP prices), reserve procurement prices 

and volumes (MRL and SRL) and historic spot (day ahead and intraday) prices. 

As an aside, in Annex 3, we have also explored changes to the reBAP price methodology to better 

reflect the principles that we discuss in chapter 2, to understand how reBAP prices over the year 

would have differed.  

4.3 Data source  

Historic data for 2012 on reserve auction results and use of balancing power is sourced from 

Regelleistung.net.  Historic reBAP prices are sourced from TSO’s websites, and spot prices are 

sourced from EEX. 

4.4 Market context: reBAP and spot market prices in 2012 

Ahead of exploring the issues set out above, we first develop a picture of the formation of reBAP and 

spot market prices in the year of 2012, and the utilisation of reserve resources in balancing the 

German system throughout the year as context. 

reBAP summary statistics Average 
(€/MWh) 

Standard 
deviation 
(€/MWh) 

Volatility 

Actual reBAP prices 46.45 79.90 172% 

Intraday prices 42.35 23.12 55% 

Day-ahead prices 42.57 18.72 44% 

Table 2:  2012 reBAP price summary statistics 

                                                        

12 In its opinion on the final draft of the Network Code on Electricity Balancing. 
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The average reBAP price in 2012 was 46.45 €/MWh, which is slightly higher than the average 

intraday price day-ahead energy price.  However, the reBAP prices show very high volatility with a 

standard deviation of 79.90 €/MWh, which is 172% of the average.  

Intraday market prices are statistically similar to the day-ahead market price.  There is some evidence 

of intraday market prices following a similar trend to reBAP prices, more-so than the day-ahead price 

(see movement of daily averages in Figure 5), though the price levels seen in this market did not 

approach the prices seen in reBAP. 

 

Figure 5:  Average daily reBAP, intraday and day-ahead prices in 2012 

At a more granular level, (ie at the 15 minute settlement period level) the maximum intraday price 

experienced was 434.66 €/MWh while reBAP was observed to reach prices over 1500 €/MWh at 

certain times. 

On average, in each hour of the year the TSOs spent €21.14 for every MW of capacity held in reserve 

as either SRL or MRL, (calculated from the average capacity cost across each of the successful 

providers selected for the period for both MRL and SRL products, and the total volume of reserves 

held across the period). 
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The cost of holding reserves increased above this average during the months of May – October, as 

shown in Figure 6. 

 

Figure 6:  Average daily capacity costs 

Figure 7 and Figure 8 show that TSOs seemed to rely upon resources procured through the faster 

ramping SRL product13 over MRL14 across the year – and that the utilisation of both was greater in 

the first half of the year than the second (with notable exceptions of September and December). 

                                                        

13 Which must be able to dispatch within 5 minutes of being called. 

14 Which must be able to dispatch within 15 minutes of being called. 
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Figure 7:  SRL utilisation in 2012 

 

Figure 8:  MRL utilisation in 2012 
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In sum, our broad interpretation of the high level data is that the German electricity market appears to 

have very volatile reBAP prices, and relies heavily on the dispatching of the more flexible SRL 

product (procured at the week-ahead stage) for the majority of its balancing.  For the majority of the 

time, prices in intraday and day-ahead markets are broadly similar both in terms of average price and 

volatility, though there appear to be occasions when the intraday prices approach levels seen in 

reBAP, quite possibly as market participants (or TSOs) use the intraday market to hedge against 

reBAP. 

The following section begins to consider the specific issues that we have identified, by first 

considering the observed price formation in each of the market timeframes during “system stress 

events” in 2012 to assess whether the spot markets seem to respond to price signals in the form of 

reBAP charges. 

4.5 Issue 1: Transparency/availability of information 

As we have set out, we consider that a key part of balancing arrangements is the ability of market 

participants to respond to emerging information on the potential cost of imbalance so that they can 

make well informed short run and long run decisions (on operational and investment aspects of their 

business). 

Under current arrangements, there is anecdotal evidence that market participants in Germany do not 

have sufficient information to balance and avoid exposure to reBAP volumes or prices until much later 

after the event.  Therefore it is highly unlikely that market participants will be able to take rational and 

timely decisions in spot markets in response to the economic signals that they are presented with 

(such as high reBAP prices). 

We use actual reBAP prices to observe whether these seem to have any material impact on spot 

market prices during the month of February 2012, when the German electricity market suffered from a 

series of short imbalances, and TSOs almost depleted their contracted balancing reserves, having to 

rely on back-up plant in certain cases.  Three notable “system events” took place: 

 From the 8 to 10 February, the market suffered an unavailability of gas-fired power plants 

in the south of Germany.  Supply in the south was scarce as other generators were not 

available for redispatch, and it was not possible to mobilise reserves from neighbouring 

countries.  The regulator, Bundesnetzagentur, said that if a large power plant had failed in 

the south of Germany, there would have been little additional capacity to meet demand, 

suggesting that security of supply may have been in jeopardy during this period of time. 
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 On 15 February, the cold period ended and was accompanied by a session of high wind, 

where the maximum wind feed experienced was 21,500MW at 02:15.  TSOs in both 

Germany and Poland had to conduct redispatching of just under 1,200MW of generation 

to protect the networks. 

 From the 22 to 23 February, a further high wind forecast of approximately 20,000MW 

meant that the TSOs had to take preventative measures to protect the network by 

redispatching around 1,000MW of generation, however the TSOs said that the actions 

were not enough to guarantee the n-1 security standard15 on the network for a short 

amount of time. 

We note that redispatching of generation is conducted through different mechanisms to the balancing 

arrangements, but would expect the high penetration of renewables at these times to present 

balancing challenges of their own, in addition to redispatching requirements. 

4.5.1 8-10 February 2012 (shortage of supply in south Germany) 

It is reasonable to assume that the shortage of available reserves in south Germany over this period 

would have meant that the relevant TSOs would have heavily depended on procured reserves to 

ensure overall balance, and in doing so they may have incurred high energy costs, which would 

translate into higher reBAP over the period. 

Figure 9 largely concurs with this assumption, where reBAP prices were on average 210 €/MWh over 

the period.  As would be expected in the absence of perfect information, the intraday price does not 

trend towards the reBAP price, instead it broadly tracks the day-ahead price.  While there is an 

occasion where reBAP prices and intraday prices converge in the middle of the day on the intraday 

markets on 8 February, this response does not continue consistently throughout the remainder of the 

period, with large differences between reBAP prices and intraday market prices continuing in the 

early mornings of both 9 and 10 February.  

                                                        

15 The n-1 security standard means that the system must be able to tolerate the outage of one transmission circuit without 
incurring disruption to supply. 
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Figure 9:  reBAP and spot price formation, 8-10 February 2012 

4.5.2 15 February 2012 (cold period followed by sudden, very high wind penetration) 

While we understand that TSOs relied predominantly on redispatching plant on this day to manage 

the influx of wind generation, we observe reBAP prices spiking to high levels of over 400 €/MWh 

between 08:00 to 10:00.  Again the intraday price mostly tracks the day-ahead price, apart from a 

period around 18:00, where intraday prices pick up to over 100€/MWh for a brief period as shown in 

Figure 10. 

(Note the occurrence of extremely negative prices across the period, which may be a result of the 

reBAP calculation using a near zero net balance volume as explained in chapter 3.)  
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Figure 10: reBAP and spot price formation, 15 February 2012 

4.5.3 22-23 February 2012 (sudden influx of high wind penetration) 

Similar to the events of 15 February, we understand that the TSOs relied upon a high degree of 

redispatch to manage the influx of wind generation.  reBAP prices swung from negative to positive 

across the period, and for the majority of the period intraday prices still tracked the prevailing day-

ahead price, rather than approach the levels or pattern of the reBAP prices.  However, there appears 

to be a very basic replication of “shape” in prices both in the morning of the 22 February between 

06:00 and 12:00 and in the day of the 23 February between 06:00 and 18:00. 
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Figure 11: reBAP and spot price formation, 22-23 February 2012 

4.5.4 Conclusions 

The general pattern observed across the events analysed shows that intraday prices track the 

prevailing day-ahead price, without regard to the reBAP prices before, during or after the settlement 

period to which they relate.  Deviations from this pattern do exist where the intraday price may 

approach the level of reBAP, but these events are inconsistent.  

We believe that poor information flows to market participants are responsible for the lack of any 

relationship between reBAP and spot market prices.  It is quite possible that market participants were 

charged high reBAP prices for their imbalances during this time, which they may have been able to 

resolve individually using flexibility in the market, had they known of the cost of exposure to reBAP.  

4.6 Issue 2 (the reBAP price not being market-based) 

We do not recognise the reBAP price calculation in the German balancing arrangements to be 

market-based, and therefore we consider that the balancing incentives that the arrangements place 

on market participants will be distorted.  The arrangements are not market-based because: 
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 The reBAP price is a weighted average of reserve energy utilisation costs, rather than 

based upon the cost of the marginal resource used for balancing within the settlement 

period, 

 The averaging calculation can mean that where the TSO takes actions in opposing 

directions to effectively produce a near zero net imbalance volume, the reBAP price can 

then escalate to levels which have no connection to underlying costs, potentially 

contributing to very large volatility that we observed in actual reBAP price (see Table 2). 

While the regulator has implemented a fix to this problem (by actually using a marginal 

price in such periods), we think that a similar effect could still exist in periods with a 

relatively low imbalance.  To this end, we consider that the problem is with the calculation 

itself. 

We believe that a market-based pricing mechanism, using a marginal pricing principle would arguably 

be more reflective of how a true market would price balancing energy, and would send sharper 

signals to market participants to balance their positions. It would also be compliant with requirement 

in the NCEB. 

However, while we endorse the principle of marginal pricing, we believe that is unsuitable for 

application in the German market under the current market framework, as our analysis of issue 1 

demonstrated that the feedback mechanism between reBAP prices and spot market prices seems to 

be broken, and would probably mean that market participants are further penalised instead of being 

incentivised to balance.  We demonstrate this point in Annex C, where we explore how making the 

reBAP price more marginal using the 2012 cost data would increase prices overall which we doubt 

would be acceptable if market participants do not have increased tools to manage their exposure to 

imbalance risk.   

Therefore we consider that a move to market-based pricing such as marginal prices alone would 

probably not prove to be more effective for encouraging market balancing without accompanying 

changes in the arrangements to help market participants make better balancing decisions.   

4.7 Issue 3 (procurement of reserves and allocation of costs) 

4.7.1 Timing of reserve procurement 

To consider how timing of procurement can affect prices paid, we have observed reserve pricing 

behaviour for MRL and SRL across the month of February when the system suffered the three stress 

events mentioned above.  This is set out in Figure 12 below. 
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Figure 12: Pricing of reserve capacity payments through February 2012 (positive only) 

MRL, being procured at the day-ahead stage only, shows far more dynamic pricing of capacity16 than 

SRL, which is procured one week-ahead.  This chart shows that during early February, where 

average day-ahead prices were approximately 10 €/MWh above the annual average (42 €/MWh) 

MRL providers see an opportunity to lift their capacity prices for positive reserve above the annual 

average (which is 0.84 €/MWh) to levels of 5 – 18 €/MWh.  

This seems to support a Müsgens et al17 theory on pricing the opportunity cost of foregone revenues 

in the spot markets into capacity prices in the German electricity market.  They said that the value of 

the capacity payment should vary depending on the opportunity cost of selling energy in the spot 

markets instead.  For example, if spot market prices (say day-ahead prices) are above the SRMC of a 

plant, then the plant should reasonably ask for the difference between SRMC and spot market prices 

                                                        

16 All capacity prices displayed are accepted by the TSOs. 

17 Müsgens, Ockenfels and Peek (2011). Economics and Design of Balancing Power Markets in Germany. 
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as its capacity payment.  However, if the plant’s SRMC is above spot market prices, then the plant 

may still ask for a premium because it might need to be in a running state (known as “spinning 

reserve”) to offer the service – in which case it would need to sell its minimum technical output of 

energy at a loss.   

While there is evidence of some of this response in MRL prices, for SRL, which is procured ahead of 

spot market timeframes, providers are unable to respond in such a way, so that providers of this 

highly flexible product may miss out on the “flexibility premium” that the market reveals closer to real 

time. 

4.7.2 Allocation of reserve capacity costs 

The socialisation of reserve capacity costs (the costs that are paid to providers of SRL and MRL 

regardless of whether they are utilised or not) across all market participants means that everyone in 

Germany pays for part of the cost of balancing, even though the extent to which market participants 

cause imbalances will vary, depending upon their individual balancing capabilities.  This means that 

market participants who actually have an imbalance do not face the cost of their actions.   

Further, the general principle of socialising costs hampers competition between market participants, 

because it does not allow for the most efficient market participants to gain any advantage over those 

who are less efficient (for example, in terms of returns to shareholders, or the ability to lower prices to 

their customers). 

As part of exploring the simple changes to make the German arrangements “fit for purpose” for 

incentivising flexibility, in Annex C, we have also looked at how reBAP would change if the cost of 

reserve payments was added back into the reBAP price, and found that it would only have a small 

increasing effect to prices (of approximately 11%). 

4.7.3 Conclusions 

Reserve procurement, and the allocation of capacity costs incurred as a result of reserve 

procurement, are an important part of forming accurate balancing arrangements in any market. 

The absence of any balancing resource procurement after passing the day-ahead milestone means 

that any incremental change in the value attributed to flexibility between the day-ahead stage and real 

time is not available to balancing resources/flexibility providers.  This is also a concern when viewed 
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in light of the requirements of the legally binding NCEB, which requires TSOs to have a balancing 

energy market after gate closure of the bilateral markets18.  Indeed, the latest gate closure time for 

the procurement of any balancing resources in Germany appears to be that of MRL, at the day-ahead 

stage.   

Compared to long-term reserve products, we have demonstrated that it is possible to observe a form 

of response in the pricing of short-term reserve products in reaction to information on the fundamental 

supply-demand balance (represented by the day-ahead price).  As we have seen, intraday prices are 

on average, higher, and more volatile than day-ahead prices, so if TSOs were to procure reserve on 

the same day that it is utilised, it is possible that providers would follow a more dynamic pricing 

strategy to reflect the opportunity cost created by the real-time fundamentals on the system.   

By limiting procurement of reserves to the day-ahead stage only, the TSOs’ behaviour potentially 

causes three unintended consequences on balancing incentives in the market: 

1. There is a risk that TSOs themselves may end up over-procuring reserves against their 

actual requirement, as they mainly rely on SRL which is forecast one week ahead, so some 

of the less predictable fluctuations in demand and supply (caused by weather, or fluctuations 

in renewables output) may be conservatively hedged with reserves, instead of waiting to 

procure against a more accurate forecast closer to real-time, 

2. The prices offered for reserve do not reflect the real-time (or even intraday) supply and 

demand balance, which means that the reBAP prices that market participants pay are not 

reflective of real-time prices (and may even act as a hedge against having to balance in the 

intraday market), and 

3. As a result of lack of real –time opportunities to offer flexibility to the TSO, flexibility providers 

are unable to receive the value that would otherwise be placed on their energy at the point 

that it is consumed, and further, they may not be able to recover sufficient revenues in 

intraday markets because of the distortion to balancing incentives in point 2 above. 

This is one of the key areas where German market arrangements need to change to allow more 

short-term, and even real-time procurement of balancing resources.  We consider that this would 

increase the opportunities to signal for flexibility from the market, increase the efficiency of matching 

reserve procurement and actual requirement, and most importantly, would comply with the NCEB. 
                                                        

18 For “manually activated reserves” 
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Finally, the current system of socialising reserve capacity costs across market participants needs to 

change.  This could be mitigated with a small and relatively simple change of adding the capacity cost 

back into the reBAP price (as shown in Annex C - though more sophisticated mechanisms also exist).  

In the long run, this principle should enable competition between market participants to reward those 

who are most efficient at self-balancing. 
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5 SUMMARY OF FINDINGS AND POTENTIAL CHANGES TO 
CONSIDER 

5.1 Summary of our findings 

We summarise each of our findings below: 

# Area Finding 

1 

Information 
flows for 
market led 
balancing 

 Insufficient information on reBAP prices for market participants has 

broken the link that should exist between reBAP and intraday prices. 

 We believe that this undermines the role of spot markets in self-balancing, 

and as a result, market participants trading flexible energy within short 

timescales are faced with illiquid markets that potentially inefficiently value 

flexible energy. 

2 
reBAP 
calculation 

 The reBAP price calculation is not reflective of the price that would be 

paid for the same balancing resources in an open market at the point of 

balancing. 

 It also suffers from volatility that is not reflective of the balancing state of 

the system (as recognised, but only partially remedied by the 

Bundesnetzagentur). 

 Changing the calculation of reBAP to be more market-based would create 

better incentives for market-led balancing if coupled with an appropriate 

market framework that enables the price information to flow from reBAP 

through to spot markets.  It would also allow compliance with the pricing 

requirements of the NCEB, however this change cannot be made without 

structural change to the way that price signals are conveyed to market 

participants under the framework. 

3 

Procurement 
of reserve 
and 
targeting of 
its costs 

 The closest that reserve is procured to real-time is at the day-ahead stage 

for the MRL product – which is better than other European systems from a 

procurement efficiency point of view. 

 However, as reserve products are the only resources used for balancing, 

this does not comply with the NCEB requirement to have a balancing 
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energy market after gate closure. 

 The value of flexibility is not being revealed because of these practices.  

We see evidence of flexibility providers actively pricing their products to 

the TSO to reflect the fundamental supply/demand balance on the system, 

but they are unable to do this closer to real-time than the day-ahead 

stage. 

 Further, TSOs may be missing an opportunity to procure against more up 

to date forecasts by relying on SRL over MRL when procuring its reserve 

requirement. 

 The cost of procuring reserves forward could be combined with an 

improved reBAP calculation to better target the costs of balancing on 

those that caused the imbalance.  Using a relatively unsophisticated 

methodology as in Annex 3 shows that this would only increase market-

based prices by a small amount (11% on average). 

5.2 Potential changes to consider 

To address the issues that we have identified with the German market arrangements, and to design 

market arrangements that better value flexibility, we think that market designers (the Government, its 

agencies and the regulator) should consider a number of changes to the entire balancing framework 

in Germany, which should centre around three key concepts, which we believe are also consistent 

with the requirements of the NCEB: 

 The creation of a new, transparent market framework for efficient procurement of both 

reserves and energy for balancing the system, 

 The calculation of reBAP prices using market-based principles. 

 Efficient targeting of reserve capacity costs on users, 

We elaborate on each of these in the paragraphs below. 

5.2.1 New market framework for the procurement of balancing resources 

Instead of solely procuring balancing energy through the existing SRL and MRL mechanisms, the 

German market designers should consider a new framework that procures a mix of both reserves and 

balancing energy in line with the requirements of the NCEB.  This should facilitate reBAP price 
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discovery to encourage efficient self-balancing in the spot markets and using other means (such as 

portfolio assets that can provide flexibility). 

An example of such a framework could be an auction for balancing energy after gate closure, ahead 

of each settlement period (see details in 5.2.2 below).   

Further, where it is secure to do so19, TSOs should procure reserve products themselves across 

short-term timescales (ie procuring flexible energy on an intraday timeframe in addition to day and 

week-ahead) so that the reserves that they hold in each period better match their actual requirement, 

rather than a forecast requirement.  Importantly, the NCEB will also require TSOs to consider short 

term procurement of frequency restoration reserves such as PRL as well as replacement reserves 

such as SRL and MRL. 

Information is key for market participants to discover reBAP prices for making efficient trading and 

operational decisions.  The framework should therefore provide the following information to market 

participants as a minimum: 

 The reBAP price for the most recent settlement period passed, 

 The imbalance volume for the most recent settlement period passed, 

 A regularly updated forecast of imbalance volumes ahead of each settlement period, 

 A publicly cleared auction of balancing energy to publish the reBAP price to apply to 

energy imbalances in the forthcoming settlement period. 

5.2.2 Calculation of reBAP prices using market-based principles 

We consider that an auction to procure balancing energy held just before the spot markets close, is 

an efficient way of procuring balancing resources, because it ensures that the market enters the 

settlement period balanced, with competitive market-based pricing of balancing energy that would 

publish a price to all market participants to respond to.  Bids in the auction would be invited from all 

market participants, alongside energy bids that the TSOs have procured from forward contracted 

reserves previously.  The energy procured through the auction should be paid on a “pay-as-cleared” 

basis to align with the requirement of the NCEB, and would be cleared against forecast energy 

                                                        

19 We note that TSOs will always need to procure some reserves forward so that they are assured that these are available.  
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imbalances.  The prices emerging from the auction should form the reBAP prices applied to market 

participants. 

We consider that this most closely replicates the outcome of an efficient market for balancing energy, 

and therefore applies the most efficient economic signals on market participants to balance, and to 

provide balancing resources to the market. 

However, as an auction is held at a single point in time, we realise that there may be balancing 

discrepancies after it has cleared, and within the settlement period itself.  To address these 

imbalances, we believe that TSOs should be able to dispatch reserves on a continuous basis as they 

do right now.  The principle behind the balancing energy market auction would be to ensure that 

market participants are balanced as they enter into a settlement period, to avoid market participants 

relying on TSOs to carry out the majority of their balancing.  Thereafter, the use of reserves could be 

used for residual and system management actions. 

5.2.3 Efficient targeting of reserve capacity costs on users 

Costs arising as a result of procuring reserve capacity for balancing should be targeted back into 

reBAP prices so that only those market participants that cause costs on the system pay for the costs 

of holding reserve.  The methodology explored in section 4.6 of this report is relatively simplistic, but 

was at least able to ensure the complete recovery of capacity costs from imbalance parties only, 

rather than from all market partiticpants.  We note that the GB regulator, Ofgem, is considering the 

implementation of recovery mechanism that recovers different proportions of the “capacity cost pot” 

depending upon the scarcity of supply on the system at any one time, to reinforce the scarcity pricing 

principle in energy markets. 

5.3 Next steps for the German market 

It is our view that the National Regulatory Authority for Germany, Bundesnetzagentur, and the four 

TSOs are well positioned to make these changes to encourage the deployment of flexibility to 

address this often forgotten aspect of security of supply, while proactively anticipating the emerging 

requirements of balancing arrangements in the Network Code.  We intend to continue dialogue with 

these important stakeholders to constructively engage with their plans for evolving balancing 

arrangements over the course of 2014. 
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ANNEX A : THE NEED FOR FLEXIBILITY 

A.1  What is flexibility? 

Flexibility can be defined as the ability to change the level of electricity output (or consumption).  All 

forms of electricity production or consumption are flexible over certain timeframes. For example a 

combined cycle gas turbine (CCGT) can flex from producing no electricity at standstill to full output 

over the course of a couple of hours.  Similarly some industrial processes take hours to days to 

entirely shut down to bring their electricity consumption to zero. 

Flexibility is useful for market participants and Transmission System Operators (TSOs) alike.  

However, it is generally the faster ramping forms of flexibility that are most essential for maintaining 

the balance between supply and demand for these parties, as these resources are better suited to 

quickly addressing fluctuations to maintain overall security of supply.  We refer to this form of 

flexibility throughout this report. 

A.2 Why does the German electricity market need flexibility? 

The German market needs flexibility to manage the balance between supply and demand, just like 

other electricity markets.  These fluctuations are most often caused by forecasting inaccuracies, 

where a market participant is unable to accurately forecast the consumption of its consumers during a 

settlement period, or alternatively the output of its generation.  Left uncorrected, an imbalance will 

arise between the energy produced and consumed.  Therefore, flexibility is used by market 

participants to avoid imbalances resulting from forecast errors, while the Transmission System 

Operators (TSOs) use flexibility to balance the market on aggregate. 

The growth of renewable generation in the German market has introduced new forecasting 

challenges and balancing concerns, as the output of these generators is dependent on the outturn of 

the prevailing weather conditions, and naturally there is an increased chance that forecasting errors 

can occur.  Therefore it is widely considered that higher levels of flexibility will need to be deployed to 

integrate high levels of renewable generation.   

Germany has a target to generate 35% of its electricity from renewables by 2020, and currently has 

over 31 GW of wind capacity and 35 GW of solar capacity installed. However, the growth of flexibility 
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provisions to integrate this renewables growth is not guaranteed, as there are no obvious market 

incentives for it to develop.  Further, some existing providers of flexibility that provide “spinning 

reserve”20 will close in the lead up to 2020 as they reach the end of their operating life or to comply 

with European legislation on emissions.   

A.3 How do energy markets remunerate flexibility? 

Flexibility resources often have both fixed costs that they incur regardless of whether they are 

operating or not, (such as capital costs, rent, and wages) and variable costs that are incurred when 

output is produced.  As with other energy resources, flexibility needs to be remunerated to the extent 

that it can recover all of these costs, and it will extract this from opportunities provided in the market 

arrangements. 

Energy market designs generally remunerate flexibility in two ways: 

1. Through short-term energy prices, where flexible resources may be able to recover costs 

through “spikes” in prices as a result of limited resources available to satisfy demand for 

energy in short timescales (because other providers are technically unable to deliver in such 

short timescales, or because they are already committed for other purposes)  

2. Through reserve contracts (mostly with TSOs), where flexible resources offer options for their 

flexible services, so that they receive an option or “capacity” fee for being available (which 

can on principle be used to recover fixed costs) and a utilisation fee whenever they are called 

upon to produce output. 

Therefore, it is essential that energy markets are designed to facilitate these mechanisms to value 

and remunerate flexibility resources, so that sufficient flexible capacity is encouraged to come forward 

in the market.  As we describe in the main body of this paper, having market-based balancing 

arrangements21 is one of the most important prerequisites for sending efficient price signals for 

flexibility, as these set the incentives in the market for participants to expend effort to ensure that they 

are balanced in the first place. 

 
                                                        

20 Spinning reserve is the flexibility that a running generator is able to provide by adjusting its output up or down. 
21 The arrangements for procuring energy for balancing supply and demand close to real time, and for charging the costs of 
these actions back onto market participants. 
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ANNEX B : ENERGY-ONLY MARKETS 

B.1 Price formation in electricity markets 

As with other markets, electricity markets allow buyers and sellers of electricity to trade electricity for 

delivery at a specific point in time.  These agents trade at the market equilibrium price (see Figure 

13), where price levels are governed by the short run marginal costs22 (SRMC) of producing 

electricity, competition between producers of electricity, and the quantity of electricity demanded by 

consumers in the market on the whole. 

 
Figure 13: Price formation in electricity markets 

While pricing at SRMC ensures recovery of the variable costs associated with producing electricity 

output (such as fuel costs), electricity producers will still have fixed costs (such as rent, and wages) 

that are incurred irrespective of output.  The ability to collect inframarginal rent through pricing at the 

market equilibrium price allows them to meet these costs. 

Note in Figure 13 that different producers have different SRMCs, and are therefore able to collect 

different levels of inframarginal rent.  This illustrates an important point – that like most markets, 

electricity markets are not perfectly competitive (ie markets for homogeneous products, where there 

is free entry/exit and where all producers are price takers).  The different technologies that are 

                                                        

22 Defined as the incremental change in the cost of producing electricity as output is changed. 
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required to produce electricity at different levels of demand have different costs, which means that 

some technologies will not produce as often as others (such as those represented by the white bars).   

At the top of the merit order, producers will not be able to run often, and will rarely be able to recover 

inframarginal rents (if at all).  They are known as peaking plant, referring to the times when they are 

economic to dispatch (ie at market peaks).  When these producers dispatch, they look to sell their 

electricity at prices above SRMC, to collect “scarcity rents” so that they too can pay their fixed costs 

(see Figure 14).  Such producers are able to lift their prices above SRMC when other, lower cost 

producers are not available, ie either because all other producers are already at full output, or 

because they are the only producers able to respond to demands for electricity within short 

timescales.  With sufficient foresight of demand, other electricity producers can also take advantage 

of scarcity pricing to increase levels of inframarginal rent. 

 
Figure 14: Pricing for scarcity rent 

The same principle of scarcity rent also applies to flexible plant where there are scarce supplies 

remaining to dispatch within a short timeframe – in such cases flexible plant may look to sell its output 

above SRMC to recover its fixed costs too. 

In the long run, energy-only markets should deliver sufficient investment in production capacity to 

meet the demands of consumers as long as these pricing conditions can exist to send efficient 

investment signals to the market.  New entrants join the market when either their SRMCs are low 

relative to existing producers so that they can make the inframarginal rents necessary to pay down 

their fixed costs.  Alternatively, peaking plant and flexibility providers may compete at the margin 

where they consider that their investments are economical at or below current market prices. 
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B.2 Constraints on energy-only market design 

Energy-only market designs are subject to two sets of constraints: technical constraints, and policy 

and regulatory constraints. 

Technical constraints 

The technical constraints affecting the functioning of an energy only market are considered to be: 

 Lack of large-scale storage options: electricity cannot always be stored efficiently to 

meet spikes in demand like other commodities.  It needs to be made at exactly the same 

time that it is consumed to maintain a balance on the network. 

 Ramping requirements of electricity generators: similarly, most large scale electricity 

production technologies are incapable of producing output in an instant.  They require 

“ramping up” (ie warming, and accelerating to a required speed) to meet demand.  

Therefore they need to be prepared for a forecast level of demand, in contrast to 

consumption itself, which happens instantaneously. 

 Limited network capacity: in most cases, it is not economically efficient to develop 

transmission networks to the same size as all generating capacity on the system.  This 

means that where congestion on a transmission line arises as a result of a particular 

market equilibrium, then the security of the network is put at risk. 

The general conclusion that market designers come to for addressing these constraints is that there 

needs to be a time ahead of the delivery period (“settlement period”) at which market participants 

cease their trading activities, and where a central institution steps in with responsibility of balancing 

supply and demand and managing flows on the network.  This time is normally termed “gate closure” 

and the central institution is normally the TSO or market operator (we will simply refer to the institution 

as the TSO). 

Regulatory constraints 

Regulatory constraints do not necessarily involve decisions made by the regulator, but can involve 

any policy, regulation or market rule which acts as a barrier to the market reaching its true equilibrium 

price.  The most obvious of these is market rules such as price floors or caps, which can sometimes 

set the market price at a different level to the level that it would reach naturally.  Other less obvious 

constraints can include technical rules, such as rules governing the format of bids, or restrictions on 

the types of market participants that are allowed to provide balancing services, or even the general 



 

45 

DELIVERING FLEXIBILITY IN THE GERMAN ELECTRICITY MARKETS: ARE CURRENT ARRANGEMENTS FIT FOR PURPOSE? 

 

perception by market participants that high prices are not tolerable with the regulatory authorities in 

the market. 

The rules governing the TSO’s balancing of supply and demand, and the rules governing the 

“imbalance charges” that are charged to market participants as a consequence of the TSO’s 

balancing actions, constitute a market’s “balancing arrangements”.   
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ANNEX C : CHANGING HISTORIC REBAP TO BETTER REFLECT 
“FIT FOR PURPOSE” BALANCING ARRANGEMENTS 

In this section we present the results of two manipulations that we have run on the 2012 reBAP data 

series to make the prices better suit two of our principles for fit for purpose balancing arrangements: 

 Making reBAP prices more market-based, and 

 Targeting the costs of reserves back into the reBAP price, rather than being socialised. 

While we are not recommending that these methodologies are implemented into balancing 

arrangements, we believe they illustrate well the effect that our principles would look to achieve in 

imbalance prices. 

C.1 What would 2012 reBAP prices look like if they were more market-based? 

To illustrate the difference from using the current reBAP calculation to a market-based calculation, we 

have reconstructed reBAP prices to represent the marginal cost of balancing to the TSOs in any one 

time, on the following basis: 

= . ( ) . ( )  

This means that if the net overall action was to increase output using reserve, due to say a market 

shortage, then the reBAP price would be equivalent to the highest price paid to a reserve provider to 

address the imbalance.  Alternatively, if the net overall action was to decrease output using reserve, 

due to say a market surplus, then the reBAP price would be equivalent to the lowest price paid (or 

received) by a reserve provider to address the imbalance. 

Results 

The results of our calculations for creating a market-based reBAP throughout 2012 are shown in 

Figure 15, Figure 16 and in the histogram of price frequencies in Figure 17. 

The marginal reBAP prices are generally more extreme and “spikey” in the same direction as actual 

reBAP.  There are a few instances where the reBAP price has swung from negative to positive 

(notably in April and December) as a result of being recalculated using a marginal calculation, which 

is likely to be caused by the way the marginal pricing calculation selects the most negative or positive 

price in the overall balancing direction, rather than the net cost of resolving the balance in the actual 

reBAP calculation. 

The distribution of prices is broadly similar to actual reBAP prices in Figure 17, though there is a 

notable lack of negative prices using the marginal pricing methodology.  This is because whenever 



 

47 

DELIVERING FLEXIBILITY IN THE GERMAN ELECTRICITY MARKETS: ARE CURRENT ARRANGEMENTS FIT FOR PURPOSE? 

 

the net action was negative, the prices that the TSOs had to pay negative resources were never 

lower than -40 €/MWh, which means that the marginal price was never lower than this – while for 

actual reBAP prices, the effect of the calculation means that prices could decrease further than actual 

negative bid values. 

 

Figure 15:  Daily average marginal prices  



 

48 

DELIVERING FLEXIBILITY IN THE GERMAN ELECTRICITY MARKETS: ARE CURRENT ARRANGEMENTS FIT FOR PURPOSE? 

 

 

Figure 16:  Average hourly marginal and reBAP prices across 2012 

 

Figure 17: Distribution of prices, marginal priced and actual reBAP 
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Table 3 shows that the annual average price of reBAP prices in 2012 would have increased by 59% 

using a marginal price based calculation.   

reBAP summary statistics Average 
(€/MWh) 

Standard 
deviation 
(€/MWh) 

Volatility 

Actual reBAP prices 46.45 79.90 172% 

Marginal reBAP prices 73.63 135.81 184% 

Change 27.18 (+59%) 55.91 (+70%) 12% 

Table 3:  2012 reBAP prices recalculated to marginal prices – summary statistics 

C.2 What would 2012 reBAP prices look like if they included the cost of reserves? 

To demonstrate a more economically efficient allocation of these costs by targeting them onto those 

market participants who are found to be causing the imbalance, we have taken the capacity costs that 

TSOs pay for holding reserves of MRL and SRL during each 15 minute period in 2012, and then we 

have added this to the reBAP prices across 2012.  The results are shown in Table 4. 

reBAP summary statistics Average 
(€/MWh) 

Standard 
deviation 
(€/MWh) 

Volatility 

reBAP prices 46.45 79.90 172% 

reBAP prices with capacity cost 51.74 79.96 155% 

Change 5.28 (11.4%) +0.06 (0.08%) -17% 

Table 4:  reBAP prices recalculated to include capacity costs – summary statistics 

Note that while reBAP prices would increase by 5.29 €/MWh on average, the methodology of 

recovering charges on a flat basis across the period in which they are procured means that the 

dispersion of prices around the mean does not change, which means that the higher average actually 

has the effect of reducing volatility compared to the actual reBAP prices experienced. 

 

 


